Spinach chboroplasts were mo e with vinyl monomers by radiation-induced polymerization at low temperature and stored in buffer containig bovine serum albumin. The lifetime of 02 evolution activity in photosystem II was prolonged remarkably in Imlied chloroplasts. Thermostabilty of Im l chloroplasts stored in buffer containing bovine serum abumin was far better than that of mobil chloroplasts in pure buffer and that of intact chloroplasts. When im I chloroplasts were stored in buffer including polyethylene glycol, the lifetime of 02 evolution activity was longer than for those stored in buffer containing bovine serum albmin.
I chloroplasts were stored in buffer including polyethylene glycol, the lifetime of 02 evolution activity was longer than for those stored in buffer containing bovine serum albmin.
Stabilization of chloroplasts is an important problem in relation to the chemical conversion of solar energy (2, 7) . Isolated chloroplasts are very labile and their utilization has been difficult due to their short lifetime. Some workers reported that the stability of chloroplasts was improved by immobilization in cross-linked protamine (5), glutaraldehyde (3), or polyacrylamide gel (9) .
The immobilization of various bioactive components, such as enzymes (4) and microbial cells (6) , by means of radiation polymerization was studied. It was found that bioactive components could be immobilized by radiation-induced polymerization of glass-forming monomers more effectively and stably than those immobilized by other immobilization methods without radiation polymerization. This advantage is due to the fact that, in radiation polymerization, chemical reaction could be started at temperatures lower than 0 C and that glass-forming monomers could prevent the crystalization of the whole system surrounding chloroplasts when cooled below 0 C. This crystallization, if not prevented, might inactivate bioactive components. Immobilization by radiation-induced polymerization of glass-forming monomer at low temperature has been applied to spinach chloroplast using some polymer carriers and polymerization conditions (1) .
The report presented here concerns the results ofimmobilization by the new method in order to increase the lifetime and thermostability of chloroplasts.
MATERUILS AND METHODS
Chloroplasts were isolated by homogenizing 50 g commercially available spinach leaves at near 0 C for 10 s in 200 ml Stn' buffer.
The homogenate was squeezed through 10 layers of gauze. The 'Abbreviations: Stn buffer, 50 mM Tris-HCI (pH 7.4), 0.4 M sucrose, and 10 mm NaCl HEA, 2-hydroxyethyl acrylate; M-23G, methoxypolyethylene glycol methacrylate. sap obtained was centrifuged at 300g for 2 min. The supernatant then was centrifuged at 2100g for 10 min. The pellet was resuspended in 2 ml of the same buffer solution to give a Chl content of 2.5 to 3 mg/ml buffer and was kept at 4 C. The immobilization was carried out as follows. One ml chloroplast suspension was mixed with 0.4 nil 10Yo (w/v) BSA, 0.4 ml 0.1% (w/v) D-mannitol, 0.4 ml 0.6% (w/v) sodium ascorbate, and 0.4 ml monomer, HEA, or M-23G and was cooled to -24 C. The cooled mixture then was irradiated with y-rays from a Con' source for 1 h, at the dose rate of 1 x 106 rads/h. After irradiation, the immobilized product was immersed in cold Stn buffer, cut into small pieces (2 x 2 x 2 mm), and washed with cold Stn buffer. The sample was stored in Stn buffer or in Stn buffer containing 2.5% (w/v) BSA. 02 evolution activity was measured using K3Fe(CN)6 as electron acceptor. The immobilized chloroplasts were minced with a spatula immediately before measurement and then introduced with Tris buffer [15 mm Tris-HCl (pH 7.8), 20 mm NaCl, 4 mM MgC12) and 10 pl 0.2 M K3Fe(CN)6 into an illumination cell of l-ml capacity. 02 evolution was measured at 20 C with a Clark-type 02 electrode during illumination with white light from a 300-projector transmitted through a 1% aqueous solution of CuSO4.
The structure of immobilized chloroplasts was observed by optical microscopy using a sample thickness below 5 Pm. The Chl content was determined by Mackinney's method (8) .
RESULTS AND DISCUSSION
Activity of Immobilized Chloroplasts Stored at 4 C in Buffer Including BSA. Figure 1 shows the decay of PSII (02 evolution) activity of chloroplasts immobilized by radiation-induced polymerization of M-23G monomer at low temperature. The immobilized chloroplasts (Fig. 1, curve a) retained PSII activity longer than intact chloroplasts (Fig. 1, curve b) when stored in Stn buffer. For storage in Stn buffer containing BSA, the difference between the decay rates of immobilized and intact chloroplasts became much longer (Fig. 1, curves c and d, respectively) . The PSII activity of immobilized chloroplasts, which were stored in Stn buffer with BSA, decayed rapidly at the early stage, but more gradually at the later stage of storage. Even after 400 h storage, 30% of the initial activity remained. When immobilized chloroplasts stored in Stn buffer were transferred to Stn buffer including BSA (Fig. 1, point A) , the activity returned to a much higher value (Fig. 1, curve e) . Table I shows the change of PSII activity in immobilized chloroplasts by radiation-induced polymerization with another hydrophilic monomer, HEA. After 170 h, the PSII activity of immobilized chloroplasts stored in Stn buffer with BSA was about 30%o of the initial activity. A similar result was obtained with chloroplasts immobilized with M-23G.
Thermostability of PSII Activity in Immobilized and Untreated Chloroplasts. The decay of PSII activity (02 evolution) in untreated chloroplasts and in chloroplasts immobilized with M-23G during longtime storage at various temperatures was investigated in buffer containing BSA, and the result is shown in Table III . At 20 C, the activity of untreated chloroplasts was lost within 18 h. However, in immobilized chloroplasts, some activity remained even after 150 h at 20 C and 24 h at 30 C. These facts showed that the heat resistance of chloroplasts increased greatly by immobilization and by storage in buffer containing BSA.
Effect of Polyethylene Glycol on Conservation of Immobllized
Chloroplasts. As noted above, BSA was added to buffer as a protectant when the immobilized chloroplasts were stored. For practical purposes, a more effective and cheaper substitute of BSA is desirable. Various viscous solvents were investigated for this purpose, and PEG was found to be more effective as protectant than BSA (Fig. 2) . Chloroplasts immobilized with M-23G were stored in a solution of PEG 400 (70%)-buffer (30%o) (v/v) . This solution contains PEG instead of BSA. After 360 h storage, around 40% ofthe initial activity remained. This residual activity is higher than that for the same storage time when chloroplasts were stored in a solution containing BSA (Fig. 1) . Moreover, chloroplasts immobilized without BSA showed the same activity change when these chloroplasts were stored in the solution of PEG 400 (70%)-buffer (30%) (v/v) (Fig. 2) .
Chloroplasts immobilized with M-23G showed the largest activity when immobilized chloroplasts were stored for a long time. Other monomers such as HEA were not as good as M-23G (Fig.  2) . This result is due probably to the fact that M-23G has a structure similar to that of PEG which serves somewhat as a protectant of chloroplasts.
Optical Microscopic Photoraph of Immobilzed Chloroplasts.
Photomicrographs of chloroplasts are shown in Figure 3 . Figure  3A is the picture of untreated chloroplasts in buffer and the chloroplast particles have an average diameter of about 5 gm. Figure 3 , B and C, shows the pictures of chloroplasts immobilized with hydrophilic polymer and swollen by buffer. Figure 3 , B and C, shows numerous fragments of chloroplasts are dispersed in the swollen polymer gel. The isolated chloroplasts had a whole struc- 
